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Molecular-level understanding of the structure and the functions of the lymphatic system
has greatly enhanced the importance of this second circulation system, especially in
connection with cancer metastasis and inflammation. Recently, a third circulatory
system, the primo vascular system (PVS) was found in various parts of an animal’s body,
especially as threadlike structures floating in the lymphatic flow in lymph vessels.
Although the medical significance of this emerging system will require much work in
the future, at present, several important suggestions in connection with immune cells,
stem cells, and cancer metastasis have already appeared. Experiments to observe the
PVS in the lymph vessels near the caudal vena cava of rabbits and rats have been per-
formed by several independent teams, but reproduction requires considerable skill andResearch Center, Advanced Institutes of Convergence Technology, Seoul National University, 864-1,
Gyeonggi-do, 443-270, Republic of Korea.
l.com (K.-H. Bae), heemin.kwon@gmail.com (H.M. Kwon).
equally to this work.
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Primo vascular system in rabbit lymph vessels 235technical know-how. In this article, we provide a detailed protocol to detect the PVS
inside the lymph vessels of a rabbit. Detection and isolation are the first steps in unravel-
ing the physiological functions of the PVS, which awaits intensive research.1. Introduction
After centuries of playing second fiddle to the blood
system, the second circulation, the lymphatic one, came
into its own as a key player in cancer metastasis [1].The
turning point in lymph research came in the 1990s when
the vascular endothelial growth factors of the lymphatic
system were found by Jeltsch et al [2] and Achen et al
[3], but lymphatic research really assumed great impor-
tance only after the discovery of the specific marker,
LYVE-1, by Banerji et al in 1999 [4]. Besides the role in
cancer metastasis, the lymphatic system could be a major
culprit in inflammation due to the protein podoplanin and
its signaling molecule CCL21, which is a powerful
attractant to immune cells such as dendritic cells and
macrophages [5].
In addition to its surprising transformation from long
obscurity to prominence, thanks to molecular level findings
in the lymphatic system, a less-publicized development in
the gross anatomy of the lymphatic systemdand a poten-
tially epoch-making development in lymphologydis the
observation of a threadlike structure floating in the lymph
flow. Such structures were first observed in the large
caliber lymph vessels near the caudal vena cava of a rabbit
with the staining dye Janus Green B [6], and were subse-
quently observed near the caudal vena cava of a rat with
fluorescent magnetic nanoparticles [7]. Since the early
observations, the method was further developed to detect
the threadlike structures with Alcian blue (AB) [8] and with
an optical technique without using any dye to stain the
threadlike structure [9].
The threadlike structure was a part of a third circulatory
system called the primo vascular system (PVS), which is
distributed throughout an animal’s body, for example, on
the surfaces of various internal organs [10], in the heart
[11], and in the ventricles of the brain and the central canal
of the spinal cord [12]. The PVS was first found by Bong Han
Kim [13] in the 1960s as an anatomical structure of
acupuncture meridians, but it has only recently been
investigated very extensively [14].
A hint of its medical significance was given by the
abundance of immune cells in the PVS [15], which sug-
gested an anti-inflammatory effect of acupuncture [16].
Another important feature was the PVS genesis around the
cancer tissue [17] and its possible role as an additional
path, besides the well-known blood vessel and lymphatic
vessel, for cancer metastasis [18]. In addition, the abun-
dance of catecholamine-producing cells in the PVS has led
to the conjecture of a hormone-conduit function of the
PVS [19].
Even though there are descriptions of the methods used
in PVS experiments, reproducing the results is not easy
because the techniques for detecting the PVS are state of
the art. Therefore, a detailed protocol for the experimentis necessary. Here, we provide the protocol for observing
the PVS in the lymph vessels around the caudal vena cava of
a rabbit. Hopefully, this protocol will help those who want
to develop a molecular-level understanding of the PVS by
following a path similar to that followed in the develop-
ment of the lymphatic system, like vascular endothelial
growth factors and LYVE-1 [2e4].
2. Materials and methods
2.1. Reagents
Experimental animals: Rabbits (clean-outbred New Zealand
White, female, 10 weeks old, 1.5e1.8 kg) were obtained
from SAM TACO Laboratory Animal Company (Osan, South
Korea). All animal care and studies abided by international
laws and policies according to the Guide for the Care and
Use of Laboratory Animals.
Zolatil (Virbac Laboratories, Carros, France)
Rompun (Bayer, Ansan, Gyeonggido, Korea)
0.9% saline solution (Choongwae Pharmaceuticals,
Dangjin, Chungcheongnam-do, Korea)
NaCl (Duksan Pure Chemicals, Ansan, Gyeonggido,
Korea)
KCl (Junsei Chemical Co. Ltd, Tokyo, Japan)
K2HPO4 (Yakuri Pure Chemicals Co. Ltd, Tokyo, Japan)
NaH2PO4 (Sigma, St. Louis, MO, USA)
70% Alcohol (Choongwae Pharmaceuticals, Dangjin,
Chungcheongnamdo, Korea)
Alcian Blue 8GX (Sigma, St. Louis, MO, USA)
Alexa Fluor 488 Phalloidin (Invitrogen, Eugene, Oregon,
USA)
ProLong Gold antifade reagent with DAPI: 40,6-diamidino-
2-phenylindole (Invitrogen, Eugene, Oregon, USA)
2.2. Equipment
Stereomicroscope (SZX12, Olympus) with a CCD camera
(DP70; Olympus)
Phase Contrast Microscope (BX51, Olympus) with a CCD
camera (Infinity 3; Lumenera)
Vortex-2 Genie (Scientific Industries; USA)
Ultrasonic Cleaner (Mujigae, South Korea)
Water Bath (Changshin Scientific Co., South Korea)
Pet Specialty Cordless Trimmer (Oster, USA)
1 mL hypodermic syringe (Kovax-Syringe, South Korea)
0.5e10 mL Finnpipette
Micro slides (silane coating) (size: 76 26 mm)
100 Deckglaser cover slips (size 24 50 mm)
Electric heating pad (size: 30 30 cm)
Disposable transfer pipette
PH Meter (Thermo Electron Corporation, USA)
Electrocautery
Figure 2 Representative overview of the protocol for
observation of the primo vascular system in the lymph vessels
of a rabbit.
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Surgical instruments and ophthalmic surgical instru-
ments (Tumed, German)
Glass microfiber filters 110 mm, Cat. No. 1820-110 (GE
Healthcare Co., UK)
Minisart syringe filter, hydrophilic (Sartoriou Stedim
Biotech, Germany)
BD 10 mL filter syringe (Becton Dickinson Medicals Ltd,
Singapore)
BD Ultrafine insulin syringe, 31-Ga (Becton, Dickinson
and Company, USA)
The arrangement of the experimental equipment is
given in Fig. 1.
2.3. Reagent setup
2.3.1. Phosphate-buffered saline solution
Eight grams of NaCl, 0.2 g of KCl 1.44 g of Na2HPO4, 0.24 g
of KH2PO4, and 800 mL of distilled water are mixed together
to make a solution, and using a pH meter, the pH is set to
7.4. An additional 200 mL of distilled water is added to the
previously mixed solution to make 1 L (1000 mL) of 1
phosphate-buffered saline solution (PBS) solution, which is
stored at room temperature.
2.3.2. Alcian blue staining dye (1.0%)
Combine 0.01 g of AB powder with 1 mL of 1 PBS solution
to make 1% AB staining dye. Next, apply the vortex machine
and put this solution in the heating cabinet (w61C) for
about 30 minutes to dissolve the AB powder completely.
Filter this solution with a filter paper in a funnel first, fol-
lowed by a second filtration using a 0.20-mm syringe filter
attached in a 10-mL syringe. After the second filtration,
load the AB solution in a 1-mL insulin syringe (31 Gauge)
while using a warm bath to keep it at a constant temper-
ature of 38e40C before injection into the lymphatic
system.Figure 1 Arrangement of the2.3.3. Phalloidin
Combine 10 mL of 6.6 mM Alexa Fluor 488 Phalloidin and
300 mL of PBS. Use the sonicator to mix them well and store
the solution at e20C. Avoid light.3. Procedure
An overview of the entire procedure is given in Fig. 2.3.1. Animal preparation (time: 30w45 minutes)
1. Withholding food and water from the rabbit is required
for 48 hours before the experiment for clear observa-
tion of the lymphatic system in the abdomen.
2. Anesthetize New Zealand White rabbit (w1.8 kg) with
an intramuscular injection of a mixture of zoletile
(2.5 mL) and rompun (0.5 mL) by using a 1-mL hypo-
dermic syringe.
3. For checking the level of anesthetization, apply strong
stimulation, such as pressing or twitching, to theexperimental equipment.
Primo vascular system in rabbit lymph vessels 237rabbit’s ear and feet. Wait until rabbit is fully
anesthetized.
4. Shave all the hairs in the abdominal area using the Pet
Specialty cordless trimmer.
5. Tie the rabbit’s arms and legs with strings to the four
corners of the animal holding plate for fixation.
3.2. Surgical procedures and observation (time:
1e2 hours)
6. Before the surgery, preheat pH 7.4 PBS and AB staining
solution loaded in a syringe to 39C. In order to disin-
fect the skin on the abdomen, spray 1e2 mL of 70%
ethanol over the top of the skin and wipe with aseptic
tissue paper.
7. Grip the middle skin of the abdomen with toothed
forceps, and incise the outermost skin along the middle
line (linea alba line) of the abdomen down to the
symphysis pubis and up to the ensisternum with surgical
scissors. In this step, the depth of incision should be
very shallow, just to see the muscular layer.
8. Cutting with a 1-cm incision on the linea alba line in the
straight muscle of the abdomenat the place of the
lower one-third on the line from the ensisternum (syn:
xiphoid process) to the symphysis pubis. Be careful to
avoid bleeding during this procedure.
9. When you open, you will have exposure to the large
intestines with adipose tissues covered in the greater
omentum and to the top of the surface of the urinary
bladder. Remove the internal organs to the preferred
side (right or left) to reveal the lymphatic vessels in the
abdomen. You will see a lymph vessel in adipose tissue
as shown in Fig. 3. Cover the organs with wet gauze,
and continuously spray warm saline solution over the
top of the gauze to avoid dryness. Use a disposable
transfer pipette to continuously add warm saline drop
by drop on top of the lymphatic vessel to avoid dryness
in the abdominal area during the observation.
(a) To avoid bleeding, the incision must be on or around
the linea alba line because the distribution of bloodFigure 3 Image of a transparent lymph vessel (LV; double
arrow) in adipose tissue. BV stands for a blood vessel. Notice
that the floating primo vascular system (PVS) in the LV is not
observable because of its transparency. Alcian Blue will be
injected into this LV.vessels is the least in this area. However, in case of
a bleeding problem, use electrocautery to stop the
bleeding. This will burn and seal the blood vessel,
which will help to reduce or stop massive bleeding.
(b) To avoid body temperature drops after opening the
abdomen, do not forget to apply continuous warmth
to the rabbit’s body by using a heating pad.
10. If you face difficulties in finding transparent lymphatic
vessels or nodes in the surgically opened abdomen, find
the caudal vena cava first and search carefully around
the vena cava for a thick lymph vessel. Sometimes,
depending on the rabbit’s health condition, the vessels
are covered with thick adipose tissues and a few layers
of membranes. In such a case, try to remove these
membranes and tissues carefully to secure a clear view
of the lymph vessels. Because many small blood vessels
are spread out across the adipose tissues like a net,
using a cotton swap to remove these without bleeding is
effective.
11. After choosing a lymph vessel beside the caudal vena
cava, try without AB staining to detect the PVS candi-
date floating inside the lymph vessel under a stereo
microscope. If you cannot find it, decide on an injection
point in the chosen lymph vessel and inject a small
amount (0.03e0.1 mL) of preloaded 1% AB staining dye
into the lymph vessel by using a 31-gauge ultrafine
insulin syringe in 30 seconds. Injecting the dye at a slow
rate until it reaches a satisfactory level of staining is
very important; otherwise, it well leak out and stain
the surrounding area or damage the vessels. In the case
of injecting a larger amount of AB into a lymph vessel,
you need to search the PVS in the region away from the
injection point. Take caution to keep air out of the
syringe in the beginning of the injection and insert the
needle at an angle of less than 40 relative to the lymph
vessel.
12. Right after injecting the AB staining solution into the
lymph vessel, you will observe the flow of a blue-
colored AB solution upward along the lymph fluid
movement inside the lymph vessel. Depending on the
vessel you chose, the AB solution will stain many small
branches of the lymph vessels that can be found around
the injection point. Warm saline is continuously drop-
ped on the lymphatic vessel to avoid dryness.
13. In order to promote the natural circulation of the lymph
fluid inside the vessel to wash the staining dye, place
the internal organs you moved to the side back into
their proper positions to provide the body temperature,
close the outermost skin with forceps, and let sit for
15e20 minutes.
14. Open the abdomen again and move again all the
internal organs to the side and repeat step 9.
15. Observe the injected lymph vessels carefully under
a stereomicroscope (STZ10, Olympus) with a CCD
camera (DP70, Olympus), detect the PVS stained by AB,
and capture images. Usually, you will see freely
floating, thin, blue PVS lines inside the washed lymph
vessel and its various smaller branches. Because lymph
vessels are interconnected with each other as
a branch, very close observation of the PVS lines at
a junction of the lymph vessels is needed (Fig. 4). In
addition, most of the time, you will see stained
Figure 4 Representative stereomicroscopic image of Alcian
blue (AB)-stained threadlike primo vessel (PV, thick arrow) and
primo node (PN, bold arrow) within the lymph vessel (LV). The
AB injected into the lymph vessel was washed out by the
natural flow of lymph fluid, and only the stained PV and PN
emerged. The hyaluronan-rich primo vessel (thick arrow) is
more prominently stained with AB than the surrounding
lymphatic vessel (LV, double arrow). Notice that where the LVs
branched, the PVs also branched.
Figure 6 Stereomicroscope image showing an isolated
specimen of the primo vessel inside the lymphatic vessel in
Fig. 4. In this picture, the floating primo vessel is shown
together with the surrounding lymphatic vessel.
238 S.J. Jung et al.lymphatic valves along the vessels, and sometimes, you
will see very thin primo-vessel lines passing through the
valves (Fig. 5).
16. Sampling: When you detect the PVS lines inside the
lymph vessels, you may cut the lymph vessel that
contains the PVS with microscissors and put the spec-
imen on a glass slide (Fig. 6). If possible, carefully incise
the lymph vessel along the vessel’s wall by using
microscissors. Pick up the PVS line with microforceps
carefully, and gently pull it out toward your position
(Fig. 7). This specimen needs to be placed over a glass
slide for the next step.
17. If much debris is attached in the PVS line, place this
sample in a Petri dish with a few drops of PBS in it, then
put the Petri dish in an ultrasonic cleaner and turn it on
for 15 minutes to remove the debris from the specimen
by liquid agitation.
18. The isolated PVS specimens from the lymph vessels are
to be fixed with either 4% PFA solution or 10% NBFFigure 5 This image shows stained lymphatic valves (thick
arrows) and a primo vessel (PV, dotted arrow) that passes the
valves. BV Z blood vessel; LV Z lymph vessel.solution for a day or two for further analysis and are to
be stored at 4C in a refrigerator.
3.3. Preparation of isolated PVS tissue (time: 15
minutes)
19. Wash the fixed samples with 1 PBS solution two or
three times. Always pay attention to the branch of the
PV and the PN, and as much as possible handle every
branch carefully.
20. Put either the fresh or the fixed PV sample (from step
19) on a glass slide with 1e2 drops of PBS 1 solution. In
order to characterize the nuclei in the PVS, stain the
specimens with Alexa Fluor 488 Phalloidin (Invitrogen,
Eugene, Oregon, USA) and 40,6-diamidino-2-phenyl-
indole (DAPI; Invitrogen, Eugene, Oregon, USA). Wash
the samples in PBS, place them on slides, and under
a microscope, then carefully and slightly flatten the
tissues for future examination.
3.4. Phalloidin and DAPI staining (time: 45 minutes)
21. After washing the fresh samples three times with PBS,
stain them with phalloidin for 30 minutes, followed by
washing three times with PBS. Next, stain them withFigure 7 A PV (primo vessel) specimen drawn out from
a lymph vessel on a glass slide.
Figure 8 Phase-contrast microscope image of an Alcian blue (AB)-stained threadlike primo vessel. (A) Under a phase-contrast
microscope, the threadlike primo vessel (thin line) is shown along the red line within the very thin lymph vessel (LV, double
arrows). (B) Rod-shaped nuclei (thick arrows) are shown in the primo vessel stained with DAPI.
Figure 9 (A) Alcian blue dye was injected into the lymph vessel and it flowed through the network of lymph vessels (LV), leaving
the stained primo vessels visible. Arrows indicate the stained primo vessel (PV) floating inside the lymph vessels. (B) The lymph
vessels (LV) were connected to one another like a fine weblike network in adipose tissue, as were the PVs inside the lymph vessels.
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When you apply DAPI staining dye to the sample, mix
thoroughly, but take carenot to create toomanybubbles.
If the final wash is in a buffer with a pH close to 7, such as
PBS, equilibration is not necessary. Drain excess solution
from the slide. Apply two separate drops of Gel
MounteDAPI on the sections, and then carefully lower the
cover slip on the sections. Let stand in the dark for a few
minutes, seal the cover slip with a transparent manicure,
and then observe the DAPI stain with UV excitation.
Carefully ensure that the sample is not exposed to light
during the Phalloidin and DAPI staining procedure.
22. Analyze the finished specimens with a fluorescence
phase contrast microscope (Olympus BX51, Olympus) to
observe the rod-shaped nuclei (Fig. 8).
3.5. Time distribution during the entire procedure
Steps 01e05: 35e40 minutes
Steps 06e18 1e2 hours
Steps 19e20: 15 minutes
Steps 21e22: 45 minutes4. Anticipated results
The large lymph vessels along the caudal vena cava of
a rabbit are the target site to search for a PVS floating in
the lymph flow. The lymph vessels in the abdominal cavity
form a fine network where many thin branches areinterconnected. These lymph branches are usually imbed-
ded in adipose tissues (Fig. 9). If we inject AB into a large-
caliber lymph vessel, AB reveals the PVS, which is branched
and forms a network following the lymph network.
The PVS can be identified in a straightforward manner by
observing the distributions of nuclei in the longitudinal
sections to distinguish the PVS from blood or lymph vessels.
The nuclei of the endothelial cells of the primo vessels are
arranged in a fashion of parallel broken lines, and they are
rod-shaped, about 10e20 mm in length. This feature can be
easily checked with DAPI staining. Another characteristic of
the primo vessel is the bundle structure which is composed
of several subvessels. This bundle structure is a key feature
of the primo vessel that uniquely distinguishes it from blood
or lymph vessels.
In order to completely identify the PVS in the lymph
vessel, the usual histological, immunohistological, and
electron microscopic studies should follow. We omitted
these processes in this article because they were addressed
in an earlier work and in well-established standardized
works [6e9]. The aim of the current work is to introduce
the detailed process for detecting and identifying the PVS
in lymph vessels.
We used AB staining dye to trace the primo vessel system
afloat within the lymph flow in the abdominal area of
a rabbit. Due to AB’s water-soluble nature, AB disappears
according to the natural washing process with lymph fluid
inside vessels, leaving the stained PVS observable. The
method with AB has limitations when we try to remove the
primo vessel and the primo nodes which are placed in very
240 S.J. Jung et al.thin lymph vessels. The motivation for the current work is
to provide information for further research to disclose the
complete network of primo vessels and to develop the tools
required to overcome the difficulties in performing the
delicate work in the present protocol.
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